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LOGIC CONTROL FOR FAST-ACTING SAFETY SYSTEM 

Cross-Reference to Related Applications 
This application claims the benefit of and priority from the following U.S. 
Provisional Patent Applications: Serial No. 60/225,056, filed August 14, 2000, Serial 
No. 60/225,057, filed August 14, 2000, Serial No. 60/225,058, filed August 14, 2000, 
Serial No. 60/225,059, filed August 14, 2000, Serial No. 60/225,089, filed 
August 14,2000, Serial No. 60/225,094, filed August 14, 2000, Serial No. 60/225,169, 



& filed August 14, 2000, Serial No. 60/225,170, filed August 14, 2000, Serial 
No. 60/225,200, filed August 14, 2000, Serial No. 60/225,201, filed August 14,2000, 



0 Serial No. 60/225,206, filed August 14, 2000, Serial No. 60/225,210, filed 
M August 14, 2000, Serial No. 60/225,211, filed August 14, 2000, and Serial 



No. 60/225,212, filed August 14, 2000. 

Field 

15 The present invention relates to safety systems, and more particularly to a high- 

speed safety system for use on power equipment. 

Background 

Beginning with the industrial revolution and continuing to the present, mechanized 
equipment has allowed workers to produce goods with greater speed and less effort than 
20 possible with manually-powered tools. Unfortunately, the power and high operating 
speeds of mechanized equipment creates a risk for those operating such machinery. Each 
year thousands of people are maimed or killed by accidents involving power equipment. 
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As might be expected, many systems have been developed to minimize the risk of 
injury when using power equipment. Probably the most common safety feature is a guard 
that physically blocks an operator from making contact with dangerous components of 
machinery, such as belts, shafts or blades. In many cases, guards are effective to reduce 
the risk of injury, however, there are many instances where the nature of the operations to 
be performed precludes using a guard that completely blocks access to hazardous 
machine parts. 

Various systems have been proposed to prevent accidental injury where guards 
cannot effectively be employed. For instance, U.S. Patent Nos. 941,726, 2,978,084, 
3,011,610, 3,047,116, 4,195,722 and 4,321,841, the disclosures of which are incorporated 
herein by reference, all disclose safety systems for use with power presses. These systems 
utilize cables attached to the wrists of the operator that either pull back a user's hands 
from the work zone upon operation or prevent operation until the user's hands are outside 
the danger zone. U.S. Patent Nos. 3,953,770, 4,075,961, 4,470,046, 4,532,501 and 
5,212,621, the disclosures of which are incorporated herein by reference, disclose radio- 
frequency safety systems which utilize radio-frequency signals to detect the presence of a 
user's hand in a dangerous area of the machine and thereupon prevent or interrupt 
operation of the machine. 

U.S. Patent Nos. 4,959,909, 5,025,175, 5,122,091, 5,198,702, 5,201,684, 
5,272,946, and 5,510,685 disclose safety systems for use with meat-skinning equipment, 
and are incorporated herein by reference. These systems interrupt or reverse power to the 
motor, or disengage a clutch, upon contact with a user's hand by any dangerous portion 




of the machine. Typically, contact between the user and the machine is detected by 
monitoring for electrical contact between a fine wire mesh in a glove worn by the user 
and some metal component in the dangerous area of the machine. Although such systems 
are suitable for use with meat skinning machines, they are relatively slow to stop the 
5 motion of the cutting element because they rely on the operation of solenoids or must 
overcome the inertia of the motor. However, because these systems operate at relatively 
low speeds, the blade does not need to be stopped rapidly to prevent serious injury to the 
£ user. 

m 

*D U.S. Patent Nos. 3,785,230 and 4,026,177, the disclosures of which are herein 

Jjp incorporated by reference, disclose a safety system for use on circular saws to stop the 
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Ci blade when a user's hand approaches the blade. The system uses the blade as an antenna 

i 

^; in an electromagnetic proximity detector to detect the approach of a user's hand prior to 
actual contact with the blade. Upon detection of a user's hand, the system engages a 
brake using a standard solenoid. Unfortunately, such a system is prone to false triggers 

15 and is relatively slow acting because of the solenoid. U.S. Patent No. 4,1 17,752, which is 
herein incorporated by reference, discloses a similar braking system for use with a band 
saw, where the brake is triggered by actual contact between the user's hand and the blade. 
However, the system described for detecting blade contact does not appear to be 
functional to accurately and reliably detect contact. Furthermore, the system relies on 

20 standard electromagnetic brakes operating off of line voltage to stop the blade and 
pulleys of the band saw. It is believed that such brakes would take 50ms- Is to stop the 
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blade. Therefore, the system is too slow to stop the blade quickly enough to avoid serious 
injury. 

None of the safety systems mentioned above disclose any method or mechanism 
for ensuring that the system is operational before setting the blade or other dangerous 
portion of the machine in motion. In addition, none of the systems mentioned above 
disclose any method or mechanism for preventing false triggers during initial startup or 
for monitoring the operating status of the machinery to prevent triggering the safety 
system when the blade is stationary. Further, none of the above-mentioned systems 
disclose any method or mechanism for allowing a user to disable the safety system under 
certain conditions. 

Brief Description of the Drawings 

Fig. 1 is a schematic block diagram of a machine with a fast-acting safety system 
according to the present invention. 

Fig. 2 is a schematic diagram of an exemplary safety system in the context of a 
machine having a circular blade. 

Fig, 3 is a flowchart diagram of an exemplary self-test logic sequence according to 
the present invention. 

Figs. 4A-C are flowchart diagrams of an exemplary self-test and operational 
sequence according to the present invention. 

Fig. 5 is a schematic block diagram of a logic controller according to a first 
exemplary implementation of the present invention. 



Fig. 6 is a schematic diagram of a user interface according to the present 
invention. 

Fig. 7 is a schematic diagram of a firing capacitor charge and test circuit according 
to the first exemplary implementation of the present invention. 

Fig. 8 is a schematic block diagram of a logic controller according to a second 
exemplary implementation of the present invention. 

Fig. 9 is a schematic diagram of a firing capacitor charge and test circuit according 
to the second exemplary implementation of the present invention. 

Fig. 10 is an isometric view of an exemplary pawl adapted for measuring pawl-to- 
blade spacing according to the present invention. 

Fig. 1 1 is a schematic diagram of an exemplary circuit for detecting blade-to-pawl 
spacing according to the present invention. 

Detailed Description 

A machine according to the present invention is shown schematically in Fig. 1 and 
indicated generally at 10. Machine 10 may be any of a variety of different machines 
adapted for cutting workpieces, such as wood, including a table saw, miter saw (chop 
saw), radial arm saw, circular saw, band saw, jointer, planer, etc. Machine 10 includes an— ^ 
operative structure 12 having a cutting tool 14 and a motor assembly 16 adapted to drive 
the cutting tool. Machine 10 also includes a safety system 18 configured to minimize the 
potential of a serious injury to a person using machine 10. Safety system 18 is adapted to 
detect the occurrence of one or more dangerous conditions during use of machine 10. If 



such a dangerous condition is detected, safety system 18 is adapted to engage operative 
structure 12 to limit any injury to the user caused by the dangerous condition. 

Machine 10 also includes a suitable power source 20 to provide power to operative 
structure 12 and safety system 18. Power source 20 may be an external power source 
such as line current, or an internal power source such as a battery. Alternatively, power 
source 20 may include a combination of both external and internal power sources. 
Furthermore, power source 20 may include two or more separate power sources, each 
adapted to power different portions of machine 10. 

It will be appreciated that operative structure 12 may take any one of many 
different forms, depending on the type of machine 10. For example, operative structure 
12 may include a stationary housing configured to support motor assembly 16 in driving 
engagement with cutting tool 14. Alternatively, operative structure 12 may include a 
movable structure configured to carry cutting tool 14 between multiple operating 
positions. As a further alternative, operative structure 12 may include one or more 
transport mechanisms adapted to convey a workpiece toward and/or away from cutting 
tool 14. 

Motor assembly 16 includes one or more motors adapted to drive cutting tool 14. 
The motors may be either directly or indirectly coupled to the cutting tool, and may also 
be adapted to drive workpiece transport mechanisms. Cutting tool 14 typically includes 
one or more blades or other suitable cutting implements that are adapted to cut or remove 
portions from the workpieces. The particular form of cutting tool 14 will vary depending 
upon the various embodiments of machine 10. For example, in table saws, miter saws, 



circular saws an^adiaLarm sawsJ cutting tool 14 will typically include one or more 

^ ■ ^-^^^ 

circular rotating blades having a plurality of teeth disposed along the perimetrical edge of 
the blade. For a jointer or planer, the cutting tool typically includes a plurality of radially 
spaced-apart blades. For a band saw, the cutting tool includes an elongate, circuitous 
5 tooth-edged band. 

Safety system 18 includes a detection subsystem 22, a reaction subsystem 24 and a 
control subsystem 26. Control subsystem 26 may be adapted to receive inputs from a 

C 

variety of sources including detection subsystem 22, reaction subsystem 24, operative 

•IK. 
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structure 12 and motor assembly 16. The control subsystem may also include one or 
more sensors adapted to monitor selected parameters of machine 10. In addition, control 

q subsystem 26 typically includes one or more instruments operable by a user to control the 

W 

N machine. The control subsystem is configured to control machine 10 in response to the 
inputs it receives. 

S3}?: 

Detection subsystem 22 is configured to detect one or more dangerous, or 
15 triggering, conditions during use of machine 10. For example, the detection subsystem 
may be configured to detect that a portion of the user's body is dangerously close to, or in 
contact with, a portion of cutting tool 14. As another example, the detection subsystem 
may be configured to detect the rapid movement of a workpiece due to kickback by the 
cutting tool, as is described in U.S. Provisional Patent Application Serial No. 60/182,866, 
20 the disclosure of which is herein incorporated by reference. In some embodiments, 
detection subsystem 22 may inform control subsystem 26 of the dangerous condition, 
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which then activates reaction subsystem 24. In other embodiments, the detection 
subsystem may be adapted to activate the reaction subsystem directly. 

Once activated in response to a dangerous condition, reaction subsystem 24 is 
configured to engage operative structure 12 quickly to prevent serious injury to the user. 
It will be appreciated that the particular action to be taken by reaction subsystem 24 will 
vary depending on the type of machine 10 and/or the dangerous condition that is 
detected. For example, reaction subsystem 24 may be configured to do one or more of the 
following: stop the movement of cutting tool 14, disconnect motor assembly 16 from 
power source 20, place a barrier between the cutting tool and the user, or retract the 
cutting tool from its operating position, etc. The reaction subsystem may be configured to 
take a combination of steps to protect the user from serious injury. Placement of a barrier 
between the cutting tool and teeth is described in more detail in U.S. Provisional Patent 
Application Serial No. 60/225,206, entitled "Cutting Tool Safety System," filed August 
14, 2000 by SD3, LLC, the disclosure of which is herein incorporated by reference. 
Retraction of the cutting tool from its operating position is described in more detail in 
U.S. Provisional Patent Application Serial No. 60/225,089, entitled "Retraction System 
For Use In Power Equipment," filed August 14, 2000 by SD3, LLC, the disclosure of 
which is herein incorporated by reference. 

The configuration of reaction subsystem 24 typically will vary depending on 
which action(s) are taken. In the exemplary embodiment depicted in Fig. 1, reaction 
subsystem 24 is configured to stop the movement of cutting tool 14 and includes a brake 
mechanism 28, a biasing mechanism 30, a restraining mechanism 32, and a release 
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mechanism 34. Brake mechanism 28 is adapted to engage operative structure 12 under 
the urging of biasing mechanism 30. During normal operation of machine 10, restraining 
mechanism 32 holds the brake mechanism out of engagement with the operative 
structure. However, upon receipt of an activation signal by reaction subsystem 24, the 
brake mechanism is released from the restraining mechanism by release mechanism 34, 
whereupon, the brake mechanism quickly engages at least a portion of the operative 
structure to bring the cutting tool to a stop. 

It will be appreciated by those of skill in the art that the exemplary embodiment 
depicted in Fig. 1 and described above may be implemented in a variety of ways 
depending on the type and configuration of operative structure 12. Turning attention to 
Fig. 2, one example of the many possible implementations of safety system 18 is shown. 
System 18 is configured to engage an operative structure having a cutting tool in the form 
of a circular blade 40 mounted on a rotating shaft or arbor 42. Blade 40 includes a 
plurality of cutting teeth (not shown) disposed around the outer edge of the blade. As 
described in more detail below, braking mechanism 28 is adapted to engage the teeth of 
blade 40 and stop the rotation of the blade. U.S. Provisional Patent Application Serial 
No. 60/225,210, entitled "Translation Stop For Use In Power Equipment," filed 
August 14, 2000 by SD3, LLC, the disclosure of which is herein incorporated by 
reference, describes other systems for stopping the movement of the cutting tool. U.S. 
Provisional Patent Application Serial No. 60/225,058, entitled "Table Saw With 
Improved Safety System/' filed August 14, 2000 by SD3, LLC, and U.S. Provisional 
Patent Application Serial No. 60/225,057, entitled "Miter Saw With Improved Safety 



System," filed August 14, 2000 by SD3, LLC, the disclosures of which are herein 
incorporated by reference, describe safety system 18 in the context of particular types of 
machines 10. 

In the exemplary implementation, detection subsystem 22 is adapted to detect the 
dangerous condition of the user coming into contact with blade 40. The detection 
subsystem includes a sensor assembly, such as contact detection plates 44 and 46, 



capacitively coupled t</blade 40 to detect any contact between the user's body and the 
blade. Typically, the blade, or some larger portion of cutting tool 14 is electrically 
isolated from the remainder of machine 10. Alternatively, detection subsystem 22 may 
include a different sensor assembly configured to detect contact in other ways, such as 
optically, resistively, etc. In any event, the detection subsystem is adapted to transmit a 
signal to control subsystem 26 when contact between the user and the blade is detected. 
Various exemplary embodiments and implementations of detection subsystem 22 are 
described in more detail in U.S. Provisional Patent Application Serial No. 60/225,200, 
entitled "Contact Detection System For Power Equipment," filed August 14, 2000 by 
SD3, LLC, and U.S. Provisional Patent Application Serial No. 60/225,211, entitled 
"Apparatus And Method For Detecting Dangerous Conditions In Power Equipment," 
filed August 14, 2000 by SD3, LLC, the disclosures of which are herein incorporated by 
reference. 

Control subsystem 26 includes one or more instruments 48 that are operable by a 
user to control the motion of blade 40. Instruments 48 may include start/stop switches, 
speed controls, direction controls, etc. Control subsystem 26 also includes a logic 
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controller 50 connected to receive the user's inputs via instruments 48. Logic controller 
50 is also connected to receive a contact detection signal from detection subsystem 22. 
Further, the logic controller may be configured to receive inputs from other sources (not 
shown) such as blade motion sensors, workpiece sensors, etc. In any event, the logic 
controller is configured to control operative structure 12 in response to the user's inputs 
through instruments 48. However, upon receipt of a contact detection signal from 
detection subsystem 22, the logic controller overrides the control inputs from the user and 
activates reaction subsystem 24 to stop the motion of the blade. Various exemplary 
embodiments and implementations of logic controller 50 will be described below. 
Various exemplary embodiments and implementations of a blade motion detection 
system are described in U.S. Provisional Patent Application Serial No. 60/225,094, 
entitled "Motion Detecting System For Use In Safety System For Power Equipment," 
filed August 14, 2000 by SD3, LLC, the disclosure of which is herein incorporated by 
reference. 

In the exemplary implementation, brake mechanism 28 includes a pawl 60 
mounted adjacent the edge of blade 40 and selectively moveable to engage and grip the 
teeth of the blade. Pawl 60 may be constructed of any suitable material adapted to engage 
and stop the blade. As one example, the pawl may be constructed of a relatively high 
strength thermoplastic material such as polycarbonate, ultrahigh molecular weight 
polyethylene (UHMW) or Acrylonitrile Butadiene Styrene (ABS), etc., or a metal such as 
aluminum, etc. It will be appreciated that the construction of pawl 60 will vary depending 
on the configuration of blade 40. In any event, the pawl is urged into the blade by a 
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biasing mechanism in the form of a spring 66. In the illustrative embodiment shown in 
Fig. 2, pawl 60 is pivoted into the teeth of blade 40. It should be understood that sliding 
or rotary movement of pawl 60 may also be used. The spring is adapted to urge pawl 60 
into the teeth of the blade with sufficient force to grip the blade and quickly bring it to a 
5 stop. 

The pawl is held away from the edge of the blade by a restraining mechanism in 
the form of a fusible member 70. The fusible member is constructed of a suitable material 

pi 

tea* 

f i adapted to restrain the pawl against the bias of spring 66, and also adapted to melt under a 

PS i 

yS determined electrical current density. Examples of suitable materials for fusible member^ 
IV 

Wo 70 include NiChrome wire, stainless steel wire, etc. The fusible member is connected 
□ between the pawl and a contact mount 72. Preferably, fusible member 70 holds the pawl 

H' relatively close to the edge of the blade to reduce the distance the pawl must travel to 

W 

engage the blade. Positioning the pawl relatively close to the edge of the blade reduces 
the time required for the pawl to engage and stop the blade. Typically, the pawl is held 

15 approximately 1/32-inch to V^-inch from the edge of the blade by fusible member 70, 
however other pawl-to-blade spacings may also be used within the scope of the invention. 

Pawl 60 is released from its unactuated, or cocked, position to engage blade 40 by 
a release mechanism in the form of a firing subsystem 76. The firing subsystem is 
coupled to contact mount 72, and is configured to melt fusible member 70 by passing a 

20 surge of electrical current through the fusible member. Firing subsystem 76 is coupled to 
logic controller 50 and activated by a signal from the logic controller. When the logic 
controller receives a contact detection signal from detection subsystem 22, the logic 
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controller sends an activation signal to firing subsystem 76, which melts fusible member 
70, thereby releasing the pawl to stop the blade. Various exemplary embodiments and 
implementations of reaction subsystem 24 are described in more detail in U.S. 
Provisional Patent Application Serial No. 60/225,056, entitled "Firing Subsystem For 
Use In Fast Acting Safety System," filed August 14, 2000 by SD3, LLC, U.S. Provisional 
Patent Application Serial No. 60/225,170, entitled "Spring-Biased Brake Mechanism for 
Power Equipment," filed August 14, 2000 by SD3, LLC, and U.S. Provisional Patent 
Application Serial No. 60/225,169, entitled "Brake Mechanism For Power Equipment," 
y3 filed August 14, 2000 by SD3, LLC, the disclosures of which are herein incorporated by 
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-i:o reference. 
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It will be appreciated that activation of the brake mechanism will require the 



N replacement of one or more portions of safety system 18. For example, pawl 60 and 

h-i 



fusible member 70 typically must be replaced before the safety system is ready to be used 
again. Thus, it may be desirable to construct one or more portions of safety system 18 in 
15 a cartridge that can be easily replaced. For example, in the exemplary implementation 
depicted in Fig. 2, safety system 18 includes a replaceable cartridge 80 having a housing 
82. Pawl 60, spring 66, fusible member 70 and contact mount 72 are all mounted within 
housing 82. Alternatively, other portions of safety system 18 may be mounted within the 
housing. In any event, after the reaction system has been activated, the safety system can 
20 be reset by replacing cartridge 80. The portions of safety system 18 not mounted within 
the cartridge may be replaced separately or reused as appropriate. Various exemplary 
embodiments and implementations of a safety system using a replaceable cartridge are 
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.as : 



described in more detail in U.S. Provisional Patent Application Serial No. 60/225,201, 
entitled "Replaceable Brake Mechanism For Power Equipment," filed August 14, 2000 
by SD3, LLC, and U.S. Provisional Patent Application Serial No. 60/225,212, entitled 
"Brake Positioning System," filed August 14, 2000 by SD3, LLC, the disclosures of 
which are herein incorporated by reference. 

While one particular implementation of safety system 1 8 has been described, it 
will be appreciated that many variations and modifications are possible within the scope 
of the invention. Many such variations and modifications are described in U.S. 
Provisional Patent Application Serial Nos. 60/182,866 and 60/157,340, the disclosures of 



which are herein incorporated by reference. 

a 

q Considering logic controller 50 now in more detail, it will be appreciated that the 

S 

M< logic controller may be configured to perform a variety of functions depending on the 

W 

P particular type of machine 10 and/or the application. For example, logic controller 50 
may be configured to conduct various self-test safety checks when the machine is 

15 switched on or off and during use, to ensure that detection subsystem 22 is operating 
properly and to prevent inadvertent triggering of reaction subsystem 24. Additionally, the 
logic controller may be configured to control one or more display devices to inform a 
user of the status of machine 10 and safety system 18. Furthermore, logic controller 50 
may be implemented in a variety of ways including using one or more custom application 

20 specific integrated circuits (ASICs), microprocessors, micro-controllers, digital logic 
circuits, and/or analog circuits, etc. 
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In one exemplary embodiment, logic controller 50 is configured to perform the 
self-check logic sequence shown in Fig. 3. The exemplary sequence begins when the user 
initially supplies power to the system, indicated at 901. The logic system first checks to 
determine whether the spacing between the blade and pawl is correct, as indicated at 902. 

5 The blade-to-pawl spacing may be measured by any suitable mechanism such as 
described in more detail below. If the spacing is outside acceptable limits, the system 
responds with an error signal, indicated at 903. The error signal may be an audible and/or 

! visible signal, etc. In one embodiment described in more detail below, control subsystem 

includes a user interface adapted to indicate the status of the machine and annunciate any 

I 

jo error conditions. Preferably, the logic system remains in the error state and prevents 
further operation of the machine until the correct blade-to-pawl spacing is detected. 

If the blade-to-pawl spacing is acceptable, the logic system determines whether the 
input signal produced on charge plate 44 by detection subsystem 22 is being detected at a 
sufficient amplitude on charge plate 46, as indicated at 904. This step ensures that the 
15 reaction subsystem will not be triggered accidentally upon start-up due to a fault in the 
detection subsystem, a grounded blade, incorrectly placed charge plates, etc. If the proper 
input signal is not detected, logic controller 50 responds with an error signal 903. It will 
be appreciated that either the same or a different error signal may be produced for each 
fault condition. 

20 If the proper input signal is detected, the logic controller proceeds to determine 

whether a fusible member is present, as indicated at step 905. The presence of a fusible 
member may be determined by any suitable means such as described in more detail 
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below. If no fusible member is present, logic controller 50 returns an error signal 903. If a 
fusible member is detected, the logic controller then checks the electrical charge stored 
by firing subsystem 76, as indicated at 906. This step ensures that sufficient charge is 
present to melt the fusible member if the dangerous condition is detected. Exemplary 
5 circuitry for detecting sufficient charge is described in more detail below. If sufficient 
charge is not detected within a determined time period, the logic controller responds with 
an error signal 903. 

O 

if! 

^: In the sequence depicted in Fig. 3, after the predetermined checks are completed, 

m 

y3 logic controller 50 allows power to be sent to motor assembly 16, as indicated at 907. It 
iff) will be appreciated that the electrical sequence described above typically is completed 

a 

q within no more than a few seconds if no faults are detected. In addition to an initial 

yy 

M power-up sequence, logic controller 50 may be configured to perform any of a variety of 

W 
Ci 

p checks during operation. For example, the rotation of the blade may be monitored by 
known mechanisms and the firing system may be disabled when the blade is not moving. 

15 This would allow the user to touch the blade when it is stopped without engaging brake 
mechanism 28. Various exemplary embodiments and implementations of a blade motion 
detection system are described in U.S. Provisional Application Serial No. 60/225,094, 
entitled "Motion Detection System for Use in Safety System for Power Equipment," filed 
August 14, 2000, by SD3, LLC. 

20 It will appreciated that many variations on the logic sequence described above 

may be implemented within the scope of the invention. For example, some embodiments 
of logic controller 50 may include a battery, a capacitor or other charge storage device to 
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ensure the detection and reaction subsystems will continue to function at least 
temporarily after power to the machine is turned off. As another example, power to the 
motor assembly may be shut off if an error occurs other than contact detection such as 
incorrect blade-to-charge plate spacing, insufficient charge on the charge storage devices, 
5 etc. Thus, logic controller 50 may be implemented to provide any of a variety of safety 
and/or operational functions as desired. 

Additionally, since reaction subsystem 24 is configured to stop cutting tool 14 
upon contact with a user's body, it may also be desirable to stop motor assembly 16, or at 

s 

*B least the portion of the motor assembly adapted to drive the cutting tool, to prevent 

W 

jjfp damage to the motor as it tries to drive the stalled cutting tool. However, since machine 
p 10 typically is designed with the expectation that the cutting tool may stop due to 

s 

N binding, etc., it will usually be sufficient to turn off the motor assembly within a few 

W 

P seconds. This can be accomplished simply by cutting power to the motor. For example, 
when machine 10 includes a magnetic contactor switch 48, the logic controller may be 

15 adapted to interrupt the circuit holding the magnetic contactor closed so that power to the 
motor is interrupted. It should be understood that this step is optional, in that interrupting 
power to the machine's motor assembly is neither necessary nor sufficient to prevent 
serious injury to the user when the user touches the machine's cutting tool. Therefore, the 
principal benefit of this step is to reduce the likelihood of damaging the motor assembly 

20 or drive system while the brake system is preventing rotation or other movement of the 
cutting tool. It will be appreciated that there are many other suitable ways of stopping 
motor assembly 12 which are within the scope of the invention. As one example, power 
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to the motor assembly may be controlled directly by safety stop 30 (e.g., through solid 
state on/off switches, etc.). This embodiment is described in more detail in U.S. 
Provisional Application Serial No. 60/225,200, entitled "Contact Detection System for 
Power Equipment," filed August 14, 2000, by SD3, LLC. Also, it is possible to simply 
5 allow existing overload circuitry to trip in and turn off the stalled motor. 

Since the contact detection subsystem described above relies on certain electrical 

r| properties of the human body, the use of safety system 18 while cutting some materials, 

i 

jji such as foil-coated insulation, may cause the detection circuitry to falsely register contact 

5 

fc JP with a user. In addition, as described in U.S. Provisional Application Serial 
No. 60/225,200, entitled "Contact Detection System for Power Equipment," filed 

3 

p August 14, 2000, by SD3, LLC, extremely green wood may cause false triggers in some 

m 

types of detection subsystems due to the relatively high dielectric constant of green wood. 
^ Therefore, it may be desirable to provide a manual bypass or override control that 
prevents the brake from operating for a particular cutting operation. A suitable override 

15 control may include a mechanical switch between fusible member 70 and firing system 
76. Alternatively, the switch may be a single-use switch configured to reset itself after 
each use. As a further alternative, safety system 18 may include sensors adjacent the 
workpiece to detect the presence of foil, green wood, etc., and disable the reaction 
subsystem automatically. This latter alternative relieves the user of having to remember 

20 to disable and re-enable the brake system. 

In any event, the override control may be configured in a variety of ways 
depending on the application and the level of safety desired. For example, the override 
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control may be configured to time-out (i.e., turn off) if the user does not switch the 
machine on within a predetermined time (e.g., 3, 5 or 10 seconds, etc.). This would 
prevent the user from actuating the override control and then becoming distracted before 
proceeding to cut the workpiece and forgetting the safety system had been disabled. In 
some embodiments, it may be desirable to allow a user to override the error caused by a 
failed self-test (e.g., no fusible member, insufficient stored charged, missing or 
incorrectly installed cartridge 80, etc.). In other embodiments, logic controller 50 may be 
configured to require that the detection and reaction subsystems are operational before 
allowing the user to engage the override. 

Typically, the override control is configured to reduce the likelihood that it will be 
actuated accidentally by the user. For example, the override control switch may be 
located away from the remaining operator switches and away from an area on machine 10 
where the user is likely to accidentally bump against while using the machine. 
Alternatively or additionally, override control switch 48 may include a cover or similar 
barrier which the user must remove or overcome before the switch can be actuated. Such 
covered switches are known to those of skill in the art. As an additional safety measure, 
logic controller 50 may be configured to produce a visual and/or audible alarm or 
warning when the override is actuated. Furthermore, where logic controller 50 is adapted 
to control the supply of power to motor assembly 16, the logic controller may be 
configured to "pulse" the motor one or more times to alert the user that the blade is about 
to begin moving with the safety system disabled. This would alert a user, who 
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accidentally actuated the override while in contact with the blade, to quickly move away 
from the blade. 

In view of the above considerations, an alternative embodiment of logic controller 
50 may be configured to perform the self-test and detection logic shown schematically in 
Figs. 4A-C. The main logic sequence, indicated generally at 910 in Fig. 4A, begins when 
machine 10 is first connected to power source 20, as indicated at 91 1. Logic controller 50 
begins sequence 910 by performing a system integrity check, as indicated at 912. The 
system integrity check may include any one or more of a variety of checks which 
typically will vary depending on the particular type and configuration of machine 10. In 
the exemplary embodiment, system integrity check 912 includes testing the sufficiency of 
power source 20 (here, standard line current) by any suitable means which are known to 
those of skill in the art. The system integrity check may also include driving the detection 
signal onto charge plate 44 and attempting to detect the signal at charge plate 46. Failure 
to detect the detection signal at charge plate 46 may indicate a number of problems such 
as an electronic failure in detection subsystem 22, a mis-positioned or grounded charge 
plate, grounded blade, etc. Exemplary system integrity check 912 also includes a pawl-to- 
blade spacing test to ensure that pawl 60 is properly positioned adjacent blade 40 so that 
the pawl will engage and stop the blade if released. Exemplary mechanisms for detecting 
correct blade-to-pawl spacing are described in more detail below. If any of the tests 
performed during system integrity check 912 is negative, logic controller 50 turns motor 
assembly 16 off (if on), as indicated at 913, and outputs an error signal to the user, as 
indicated at 914. Once the user corrects the error and resets the logic controller (e.g., by 
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disconnecting and then reconnecting the power to machine 10), the system integrity 
check is repeated. 

If system integrity check 912 is successful, logic controller 50 proceeds to check 
fusible member 70 as well as the stored charge in firing subsystem 76, as indicated at 
915. If either the fusible member test or the stored charge test is negative, the logic 
controller turns off the motor assembly, indicated at 913, and then outputs an error signal, 
indicated at 914. It may be desirable to repeat step 915 one or more times, or provide a 
delay between steps 912 and 915 to ensure that firing subsystem 76 has sufficient time to 
build up the electrical charge. 

If both the fusible member and firing subsystem tests are successful, the logic 
controller then proceeds to one of two operational loops depending on whether the user- 
operable override switch has been activated, as indicated at 916, It will be appreciated 
that testing for a user override signal after performing the fusible member/charge storage 
test prevents a user from overriding safety system 18 unless the safety system is 
functional. Thus, for example, if a contact detection occurs and the brake is triggered, the 
user cannot proceed to operate the system until the fusible member, and/or pawl, and/or 
firing subsystem, etc., is replaced (typically by replacing cartridge 80). Alternatively, step 
915 may be eliminated from the main operational loop. This would allow machine 10 to 
be operated regardless of whether safety system 18 was completely functional by 
engaging the override. 

In any event, if the override has been actuated, logic controller 50 proceeds to 
operate in an override loop, as indicated at 917 and detailed in Fig. 4B. Typically, logic 
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controller 50 first outputs a warning signal, as indicated at 918 and described above. 
Next, at step 919, the logic controller checks the status of START switch 48, which is 
operable by a user to turn on motor assembly 16. As described above, logic controller 50 
may be configured to read START switch 48 as being "on" only if it is actuated within a 
5 predetermined period after the override is enabled. If the START switch is "off," logic 
controller 50 turns off the motor assembly (if on), as indicated at 920, and exits the 
override loop as indicated at 921. As shown in Fig. 4 A, the logic controller returns to the 

,fi system integrity check at the end of the override loop. Thus, the logic controller will 

fin 

C ! continue to perform the system integrity check and the fusible member/stored charge tests 

rt|o until the START switch is actuated. This ensures that if a user engages the override and 



E then delays actuating the START switch, the system will not turn on the motor assembly 

i 

H ! if a failure occurs between the time the override is enabled and the time the START 

W 

y t switch is actuated. 

If, at step 919, the START switch is on, logic controller proceeds to turn on motor 

15 assembly 16, as indicated at 922. The motor assembly remains on until STOP switch 48 
is actuated by the user, as indicated at 923. Once the STOP switch is actuated, logic 
controller 50 turns off the motor assembly, as indicated at 920, and exits the override 
loop at 921. As mentioned above, the logic controller returns to step 912 after exiting the 
override loop. 

20 If, at step 916, the override has not been engaged by the user, logic controller 50 

proceeds to the detection loop 925, which is shown in detail in Fig. 4C. In the exemplary 
embodiment, detection loop 925 is depicted with two logic paths which are executed 
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simultaneously. In a first path 926 the logic controller monitors detection subsystem 22, 
while in a second path 927 the logic controller continually rechecks the fusible member 
and stored charge in firing subsystem 76. This dual-path operation ensures that machine 
10 will be shut down if a failure occurs while the blade is in motion. It will be 
5 appreciated by those of skill in the art that the dual-path operation may be implemented 
in a variety of ways including the use of interrupts, state machines, etc. Alternatively, the 
two paths may be implemented in a single sequential loop. However, since testing of the 
stored charge consumes several milliseconds or even several seconds in some 
p embodiments, it is typically desirable, in those embodiments, to execute both paths 

ire : 
£ i 

Jtp simultaneously so that several milliseconds or more do not pass between successive 
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contact detection measurements. 

Path 927 includes testing fusible member 70 and the charge stored by firing 
subsystem 76, as indicated at 928. This test is continuously repeated unless and until 
either the fusible member test or the stored charge test fails, at which point logic 
15 controller 50 turns the motor assembly off, as indicated at 929, and outputs an error 
message, as indicated at 930. The logic controller also stops executing test 928 when it 
exits the detection loop or when an error in path 926 occurs, as described below. The tests 
of fusible member 70 and firing subsystem 76 at step 928 may be the same as, or 
different than, the tests that are used in the main loop at step 915. In any event, the logic 
20 controller must be reset from step 930, as described above. 

Path 926 is the contact detection path and includes testing for excessive impedance 
loading on the blade, as indicated at 931. Step 931 ensures that power will not be 
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supplied to the motor assembly if the capacitive load on the blade is so high that the 
detection subsystem might not be able to detect a contact between the blade and the user. 
This might occur for a variety of reasons. For example, if the blade is cutting highly 
dielectric materials (e.g., green wood), the capacitive load on the blade will increase. This 
issue is described in more detail in the incorporated references. 

As another example, the user might accidentally actuate the START switch while 
in contact with the blade. Since some exemplary detection subsystems rely on a sudden 
change (rather than an absolute level) in the signal detected at charge plate 46, step 931 
ensures that the safety system will not allow the blade to begin rotating if the user is 
touching the blade when the START switch is actuated. In this embodiment, the logic 
controller is configured to set the value for excessive capacitive loading at approximately 
at least that amount of loading caused when a user contacts the blade. However, it will be 
appreciated that logic controller 50 may be configured to recognize any desired amount 
of capacitive loading as being excessive. 

If the capacitive load on the blade is too high, logic controller 50 outputs an error 
signal, at 932, and turns off motor assembly 16 (if on), as indicated at step 933. The logic 
controller then exits the detection loop, at 934, and returns to system integrity check 912 
in the main operational loop shown in Fig. 4A. It will be appreciated that safety system 
18 will not be enabled during the several seconds it takes the blade to spin down. This is 
because the capacitive loading is too high to accurately detect contact with the user, and 
is likely to trigger even though no contact has occurred. In alternative embodiments, the 
logic controller may continue to monitor for contact detection while the blade is rotating 
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and actuate the firing system if contact is detected. Alternatively, the logic controller may 
be configured to actuate the firing system if the loading becomes too high. 

Once the logic controller returns to the main loop after detecting a high capacitive 
loading error, the user may nevertheless operate machine 10 by engaging the override. If 
the user does not actuate the override, safety system 18 will not supply power to motor 
assembly 16 until the capacitive loading problem is corrected. 

If, at step 931, the capacitive loading on the blade is within defined limits, the 
logic controller proceeds to test the contact detection signal from detection subsystem 22, 
as indicated at 935. If contact is detected, the logic controller determines whether the 
blade is rotating, as indicated at 936. If the blade is rotating, the logic controller actuates 
the firing subsystem, at 937, turns off motor assembly 16, at 929, and outputs an error, at 
930. The logic controller must then be reset as described above. 

However, if the blade is not rotating at step 936, then the logic controller outputs 
an error signal, at step 932, turns off the motor assembly (if on), at 933, and exits the 
detection loop, at 934. Thus, if a user touches the blade when it is not rotating, the safety 
system will detect the contact but will not actuate the firing subsystem. This allows a user 
to change or adjust the blade without actuating the brake. However, the user would 
typically remove power from machine 10 before adjusting or replacing the blade, in 
which case, neither safety system 18 nor motor assembly 16 would be operable. 

If no contact is detected at step 935, logic controller 50 checks the status of STOP 
switch 48, as indicated at 938. If the STOP switch is actuated, the logic controller turns 
off the motor assembly (if on), as indicated at 939, and checks for blade rotation, as 
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indicated at 940. If the blade is rotating, the logic controller loops back to step 931 so that 
the contact detection is active as long as the blade continues to rotate. Thus, if a user 
actuates the STOP switch and then contacts the blade before it spins down, safety system 
18 will react to stop the blade. Once the blade ceases to rotate, the logic controller exits 
5 the detection loop, as indicated at 934. 

If the STOP switch has not been actuated at step 938, the logic controller checks 
the status of START switch 48, as indicated at 941. If the START switch has been 

P 

^! actuated, the logic controller turns the motor assembly on (if off), and loops back to 

=£i repeat the contact detection, as indicated at 942. If the START switch has not been 

ft! 

j^p actuated, the logic controller turns off the motor assembly (if on), as indicated at 939, and 

p checks for blade rotation, at 940. The logic controller continues to execute the detection 

m 

M- loop until the blade stops, at which point the logic controller exits the detection loop, as 

W 

p indicated at 934. Thus, the logic controller is configured to continuously monitor for 
contact detection whenever the blade is rotating and the user has not engaged the 
15 override. 

Those of skill in the art will appreciate that control subsystem 26 and logic 
controller 50 may be implemented using many different components and many different 
configurations. Therefore, while two exemplary implementations are described below, it 
should be understood that any other suitable implementation may be used. 
20 A first exemplary implementation is illustrated schematically in Fig. 5. Logic 

controller 50 takes the form of a PIC16C63A-20/SO controller available from Microchip 
Technology, Inc., of Chandler, Arizona. The logic controller is coupled to power source 
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20, contact detection subsystem 22, and a user interface 178. The user interface may 
include any suitable mechanism adapted to display signals to a user and to allow a user to 
input signals to the logic controller. Examples of suitable user interface mechanisms 
which are known to those of skill in the art include lights, display screens, buzzers, 
5 sirens, switches, buttons, knobs, etc. In one exemplary embodiment depicted in Fig. 6, 
user interface 178 includes START, STOP, and OVERRIDE switches to allow the user to 
input control commands, and a pair of LED lights which indicate the system status. The 

G 

J LED lights may indicate system status in a variety of ways such as color, blinking, etc. 

*B The logic controller is also connected to control motor assembly 16 via a suitable 

rU 

motor control circuit 174, such as is described in more detail in U.S. Provisional 

M ' 

B 

Q Application Serial No. 60/225,200, entitled "Contact Detection System for Power 

I 

N Equipment," filed August 14, 2000, by SD3, LLC, and to firing subsystem 76. When the 

W 

P logic controller receives a signal from detection subsystem 22 that contact between the 
user and blade has occurred, the logic controller actuates firing subsystem 76 and stops 

15 motor assembly 16. The operation and testing sequences are implemented by software 
instructions stored within, and executable by, the logic controller. It will be appreciated 
that the software instructions may take a variety of forms. 

The logic controller of the exemplary implementation depicted in Fig. 5 is 
configured to conduct a variety of self-tests before enabling power to motor control 174, 

20 as well as whenever the blade is moving. For example, the logic controller is configured 
to evaluate the line voltage supplied by power source 20, and to shut off the motor if the 
voltage drops below a minimum value sufficient to operate the safety system. The logic 
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controller is also adapted to test the contact sense signal received from the detection 
subsystem to ensure the charge plates are correctly positioned, that the detection signal is 
properly coupled across the blade, and that the capacitive load on the blade is within 
defined limits. Further, the logic controller is also coupled to a blade rotation sense 
5 component 177. Examples of suitable mechanisms for detecting blade rotation are 
described in U.S. Provisional Application Serial No. 60/225,094, entitled "Motion 

Cl Detection System for Use in Safety System for Power Equipment," filed 

% August 14, 2000, by SD3, LLC. 

EPS ; 

B SS. I 
e 

€[ In addition, logic controller 50 is also adapted to detect whether firing subsystem 

fj; i 
a c* 

:|b 76 has sufficient stored charge to melt fusible member 70. It will be appreciated that 

s 

Q detection of sufficient stored charge in the firing subsystem may be carried out in a 

W 

j^! variety of ways depending on the configuration of the firing system. In each of the 
u exemplary implementations described herein, firing subsystem 76 includes a single 

390^F firing capacitor 620 configured to discharge through fusible member 70 via a 
15 suitable SCR 621 connected to ground. Exemplary firing subsystems 76 are described in 

greater detail in U.S. Provisional Application Serial No. 60/225,056, entitled "Firing 

Subsystem for Use in a Fast- Acting Safety System," filed August 14, 2000, by 

SD3, LLC. 

In the implementation depicted in Fig. 5, the firing capacitor is both charged and 
20 tested by a buck-boost regulator 175, which is shown in greater detail in Fig. 7. Buck- 
boost regulator 175 includes a buck-boost charger 183 that steps up an 32-volt supply 
input to 180 volts for charging the firing capacitor. Logic controller 50 provides a 125khz 
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input to control the buck-boost cycle of the charger. A regulator circuit 184 monitors the 
voltage on the firing capacitor and turns charger 183 on or off as necessary to maintain 
the charge near 180 volts. Regulator circuit 184 is constructed with a predetermined 
amount of hysteresis so that the charger will go on when the firing circuit voltage falls 
below 175 volts and turn off when the voltage reaches 180 volts, as set by the voltage 
divider inputs and feedback to comparator 185. 

The output of comparator 185 is fed to logic controller 50. The logic controller 
monitors both the time required to charge and to discharge the firing capacitor based on 
the state of the output of comparator 185. Thus, the controller can verify that the firing 
capacitor is operating properly and storing adequate charge. If the firing capacitor cannot 
reach 180 volts quickly enough or discharges too rapidly, the logic controller determines 
that the firing capacitor or charging system has failed and takes appropriate action based 
on its programming. 

It should be noted that regulator circuit 184 measures the voltage across the firing 
capacitor through fusible member 70. As a result, the regulator circuit is also testing the 
integrity of the fusible member since a missing or failed fusible member would prevent 
the regulator circuit from detecting the voltage on the firing capacitor. While testing both 
the firing capacitor charge and fusible member with a single mechanism or test provides 
obvious savings of both processor cycle time and component costs, the fusible member 
may alternatively be tested separately from the firing capacitor charge. 

A second exemplary implementation of logic controller 50 is illustrated 
schematically in Fig. 8. Logic controller 50 is implemented by a 87C752 controller 
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available from Philips Semiconductor of Sunnyvale, California. As in the first exemplary 
implementation described above, the logic controller of the second implementation is 
coupled to power source 20, contact detection subsystem 22, firing subsystem 76, user 
interface 178, motor control 174, and blade rotation sense 177. Suitable examples of 
power source 20, contact detection subsystem 22, and motor control 174 are described in 
more detail in U.S. Provisional Application Serial No. 60/225,200, entitled "Contact 
Detection System for Power Equipment," filed August 14, 2000, by SD3, LLC. 
Exemplary firing subsystems 76 are described in more detail in U.S. Provisional 
Application Serial No. 60/225,056, entitled "Firing Subsystem for Use in a Fast-Acting 
Safety System," filed August 14, 2000, by SD3, LLC. Exemplary circuitry and 
mechanisms for sensing blade rotations are described in more detail in U.S. Provisional 
Application Serial No. 60/225,094, entitled "Motion Detection System for Use in Safety 
System for Power Equipment," filed August 14, 2000, by SD3, LLC. 

As shown in Fig. 9, the firing capacitor charging circuit for the second 
implementation is regulated by an enable line from logic controller 50. By deactivating 
the charging circuit, the logic controller can monitor the capacitor voltage through an 
output to an analog-to-digital converter (A/D) line on the logic controller. When the 
capacitor is not being charged, it will normally discharge at a relatively known rate 
through the various paths to ground. By monitoring the discharge rate, the controller can 
insure that the capacitance of the capacitor is sufficient to burn the fusible member. 
Optionally, the logic controller may be configured to measure the voltage on the firing 
capacitor at a plurality of discharge intervals to evaluate the integrity of the capacitor. In 
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one embodiment, the logic controller measures the capacitor voltage at three defined 
intervals during a discharge cycle, which should correspond to 3%, 5% and 7% of the full 
charge voltage. The logic controller may be configured to interpret a low voltage at any 
of the discharge intervals as a failure, or may require a low voltage at two or more 
discharge intervals to indicate a failure. 

As with the first exemplary implementation described above, the logic controller is 
configured to test the firing capacitor through fusible member 70, thereby simultaneously 
testing the fusible member. Alternatively or additionally, the logic controller may test the 
fusible member independently of the capacitor by monitoring the capacitor voltage 
during charging. 

As mentioned above, logic controller 50 may also be configured to monitor the 
pawl-to-blade spacing. It is well known in the art that many cutting tools such as saw 
blades do not have precisely uniform dimensions. As a result, when a new blade is 
installed on a saw, the pawl may no longer be correctly spaced from the blade. An 
incorrectly positioned pawl may slow the stopping speed of the pawl or prevent the pawl 
from stopping the blade. Therefore, to ensure the blade is stopped with uniform braking 
speed, it may be necessary to adjust the position of the pawl whenever a blade is 
replaced. Exemplary mechanisms and methods for automatically positioning the pawl are 
described in U.S. Provisional Application Serial No. 60/225,212 entitled "Brake 
Positioning System," filed August 14, 2000, by SD3, LLC. However, regardless of 
whether the pawl is automatically positioned, configuring logic controller 50 to detect 
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incorrect blade-to-pawl spacing provides an additional level of assurance that a user is 
protected against accidental contact with the blade. 

It will be appreciated that there are many ways in which incorrect spacing between 
blade 40 and pawl 60 may be detected. As one example, Fig. 10 illustrates a pawl 945 
having a capacitive system for detecting correct pawl spacing. Similar to pawl 40 shown 
in Fig. 2, pawl 945 may include a portion 946 that is beveled or otherwise shaped to 
quickly and completely engage the teeth of a cutting tool. In addition, pawl 945 includes 
a pair of generally parallel, spaced-apart arms 947 which extend beyond portion 946. 
Arms 947 are disposed to extend on either side of the blade, without touching the blade, 
when the pawl is in place adjacent the blade. Each arm includes a capacitor plate 826 
disposed on the inside surface of the arm adjacent the blade. Conductive leads 949 run 
from each capacitor plate 826 to suitable blade detector circuitry (not shown). 

Capacitor plates 826 are positioned on arms 947 such that, when the pawl spacing 
is within a desired range, the blade extends between the two capacitor plates. It will be 
appreciated that the capacitance across plates 826 will vary depending on whether the 
blade is positioned between the plates. The blade detector circuitry is configured to drive 
an electrical signal through conductive leads 949 and detect changes in the capacitance 
across the plates. 

Suitable circuitry that may be used with pawl 945 is well known to those of skill in 
the art. One exemplary pawl-to-blade spacing detection circuit is indicated generally at 
824 in Fig. 11. As described above and in U.S. Provisional Application Serial 
No. 60/225,200, entitled "Contact Detection System for Power Equipment," filed 
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August 14, 2000, by SD3, LLC, and U.S. Provisional Application Serial No. 60/225,21 1, 
entitled "Apparatus and Method for Detecting Dangerous Conditions in Power 
Equipment," filed August 14, 2000, by SD3, LLC, one exemplary contact detection 
system suitable for use with the present invention applies an electrical signal to the blade 
via a drive plate (not shown). This signal can be picked up by either or both of plates 826 
and monitored to insure that it has an amplitude in a predetermined range. In particular, 
the amplitude detected by plates 826 will fall off rapidly with distance from the blade. 
Therefore, by monitoring the detected amplitude, proper spacing can be verified. If the 
proper signal is not detected, circuit 824 conveys an error signal to logic controller 50, 
which prevents operation of machine 10 until proper pawl-to-blade spacing is detected. 
Other examples include circuits similar to the exemplary contact detection circuits 
described in U.S. Provisional Application Serial No. 60/225,200, entitled "Contact 
Detection System for Power Equipment," filed August 14, 2000, by SD3, LLC. 

Capacitor plates 826 can optionally be shaped to detect when the pawl is too close 
to the blade as well as not close enough. Alternatively, two pairs of capacitor plates may 
be positioned on the pawl: one pair to detect if the pawl is too close to the blade, and the 
other pair to detect if the pawl is too far from the blade. In any event, the detector 
circuitry is configured to transmit an error signal to logic controller 50, which then takes 
appropriate action. 

While one exemplary automatic pawl spacing detection system has been described 
above, it will be appreciated that there are many possible variations within the scope of 
the invention. For example, both capacitor plates may be positioned on the same side of 
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the blade rather than on opposite sides. The capacitor plates and/or blade detection 
circuitry may be separate from the pawl. In the latter case, for example, the capacitor 
plates and detection circuitry may be mounted on a separate electronics board associated 
with the pawl. Alternatively, the capacitor plates may be replaced with one or more light- 
5 emitting diodes and detectors such that, when the pawl is properly positioned, the blade 
obstructs the optical path between the diodes and detectors. Other methods of detecting 
the proximity of the blade to the pawl are also possible. As a further option, capacitor 

Las' 

plates 826 may function as charge plates 44, 46 as well as pawl-spacing detectors. In 

y^i addition, a detection plate may be mounted on beveled face 946 of the pawl. This plate 

Hi 

JO can be used to detect the drive input signal used for contact detection. The amplitude of 

Q the signal detected at the plate will be inversely proportional to the space between the 

i 

H plate and the teeth of the blade. If this signal does not have an amplitude over a given 

W 

p threshold, the system would interpret this as indicating that the pawl face is not close 
enough to the blade. 

15 In embodiments where portions of safety system 18 are mounted in a replaceable 

cartridge 80, logic controller 50 may also be configured to detect whether the cartridge is 
properly connected to the remainder of the safety system. One exemplary method of 
testing for an operable connection with the cartridge is by testing a component mounted 
in the cartridge (e.g., the fusible link, charge stored by firing system, etc.). Alternatively, 

20 a cable (not shown) connecting cartridge 80 to logic controller 50 may include a separate 
signal line which is grounded or otherwise biased when the cartridge is connected. In 
addition to detecting an operable connection to the cartridge, the correct blade-to-pawl 
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spacing may be detected by measuring the blade-to-cartridge spacing. For example, 
capacitor plates 826 may be placed on cartridge housing 82 rather than on the pawl itself 
Furthermore, failure of the blade-to-cartridge spacing test could also be used to detect an 
inoperable connection to the cartridge. 

As described above, the present invention provides a reliable, effective and fast- 
acting system for preventing serious injuries to operators of power cutting machinery. 
While a few specific embodiments of safety system 18 and particularly control subsystem 
26 have been described, those of skill in the art will appreciate that the present invention 
may be adapted in numerous ways for use in a wide variety of applications. Therefore, it 
will be understood that all such adaptations and applications are within the scope of the 
invention. 

It is believed that the disclosure set forth above encompasses multiple distinct 
inventions with independent utility. While each of these inventions has been disclosed in 
its preferred form, the specific embodiments thereof as disclosed and illustrated herein 
are not to be considered in a limiting sense as numerous variations are possible. The 
subject matter of the inventions includes all novel and non-obvious combinations and 
subcombinations of the various elements, features, functions and/or properties disclosed 
herein. No single feature, function, element or property of the disclosed embodiments is 
essential to all of the disclosed inventions. Similarly, where the claims recite "a" or "a 
first" element or the equivalent thereof, such claims should be understood to include 
incorporation of one or more such elements, neither requiring nor excluding two or more 
such elements. 
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It is believed that the following claims particularly point out certain combinations 
and subcombinations that are directed to one of the disclosed inventions and are novel 
and non-obvious. Inventions embodied in other combinations and subcombinations of 
features, functions, elements and/or properties may be claimed through amendment of the 
present claims or presentation of new claims in this or a related application. Such 
amended or new claims, whether they are directed to a different invention or directed to 
the same invention, whether different, broader, narrower or equal in scope to the original 
claims, are also regarded as included within the subject matter of the inventions of the 
present disclosure. 
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